Background: Procedural sedation guidelines were established for a tertiary care pediatric emergency department (ED). We developed a pediatric procedural sedation course to disseminate these guidelines. Objective: Our objective was to evaluate the effectiveness of a sedation course in improving physicians' knowledge of pediatric procedural sedation practices and guidelines, relative to individual self-directed learning. Methods: We recruited emergency staff physicians and fellows as well as fourth-year pediatric residents in a tertiary care pediatric ED to participate in a randomized, controlled, educational intervention. All consenting physicians received pediatric sedation educational material for individual study 2 weeks before a learning assessment. Participants were randomly assigned to one of 2 groups. The self-directed learning group (n = 24) completed a multiple-choice examination without receiving any formal teaching. The study group (n = 24) participated in a 4-hour formal multifaceted sedation course before writing the multiple-choice examination. Results: The groups did not differ significantly in demographic characteristics or self-perceived knowledge of pediatric sedation. The formal teaching group's median examination score (83.3%; range 75.8%-96.5%) was significantly higher (p < 0.0001) than the median examination score of participants in the self-directed study group (73.3%, range 43.5%-86.6%). Conclusion: The multifaceted sedation course was more effective in improving physician knowledge and understanding of sedation guidelines and practices than unstructured, self-directed learning.
Introduction
Over the past decade there has been an increased recognition of the importance of providing safe and effective management of painful procedures in the emergency department (ED). However, children often receive inadequate sedation and pain management due to fear of adverse reactions. 1, 2 Many of the drugs used for sedation and analgesia have the potential to cause central nervous system, respiratory and cardiac depression. [3] [4] [5] Adverse outcomes from sedation tend to occur because individuals who have the appropriate airway management and resuscitation skills fail to recognize patients who are developing adverse events and intervene in a timely manner. 6 Adequate attention to procedural pain and anxiety will improve quality of care and patient satisfaction by facilitating procedures and minimizing patient suffering. Hoffman and colleagues found that applying a structured model to the practice of pediatric procedural sedation reduced the occurrence of adverse events. 7 Although Canadian pediatric emergency physicians have provided sedation for invasive and noninvasive procedures for several years, there has been no formal training or certification for physicians.
Guidelines for pediatric procedural sedation have been established. [8] [9] [10] [11] [12] [13] [14] [15] Although physicians often report good compliance with guidelines, studies have shown relatively poor understanding of or compliance with them. [16] [17] [18] [19] [20] Dissemination and implementation of guidelines is more effective when they are locally developed or approved, actively deployed by community-based opinion leaders, have qualities compatible with existing beliefs and values, and can be readily incorporated into current practice. [21] [22] [23] [24] We established pediatric emergency procedural sedation guidelines for a tertiary care pediatric ED based on existing hospital-wide sedation guidelines and published guidelines. [8] [9] [10] [11] [12] [13] [14] [15] We then developed an educational intervention to help disseminate and implement these guidelines. The learning needs of our target audience were identified with surveys and focus group discussions. Davis and colleagues demonstrated that multifaceted interventions incorporating 2 or more education strategies more effectively changes physician performance when compared with single interventions. Based on their work, we designed a multi-faceted sedation course. [25] [26] [27] Although many educational programs have shifted toward self-directed learning, formal continuing medical education (CME) activities rely heavily on traditional expert-led teaching. 28 Adult learning principles suggest that self-directed learning is more likely to result in 'deep' learning and the development of critical thinking skills. 29 However, if the knowledge gap is unperceived, then selfdirected learning may not be effective. Emergency physicians who are already involved in procedural sedation without specific institutional guidelines may not be aware of potential gaps in their knowledge and may not perceive a need for further education. The purpose of this study was to compare the effectiveness of a formal procedural sedation course with unstructured, self-directed learning in terms of improvements in physician knowledge of pediatric procedural sedation practices and guidelines.
Methods

Research design
This randomized, post-test, controlled trial was approved by the Hospital for Sick Children Research Ethics Board.
Subjects
Between June and September 2003, we recruited physicians affiliated with the ED at the Hospital for Sick Children to participate in an educational intervention. Full-time and part-time staff emergency physicians as well as physicians with advanced emergency or pediatric training, including pediatric emergency medicine fellows, emergency medicine residents (Royal College of Physicians and Surgeons of Canada, Canadian College of Family Practice) and fourth year pediatric residents, were eligible to participate in the study. Participation was voluntary for all groups. Physicians involved in course development and design, as well as the participants who had not received the study material 2 weeks before the learning assessment, were excluded from the study. All participants completed demographic information questionnaires and provided informed consent.
Interventions
The sedation learning package included detailed learning objectives, a sedation booklet outlining the sedation guidelines, the pharmacology of sedative agents, airway management and complications, as well as a sedation flow sheet, a sedation pocket card and discharge instructions for parents. The sedation course was developed as a 4-hour, multifaceted teaching program consisting of didactic and small group learning sessions. We used results from focus groups held before the study to develop the intervention and to identify barriers to change. The 2-hour didactic portion encompassed a review of pediatric emergency sedation guidelines, pharmacology of sedative and analgesic agents used in the ED, and a review of potential complications of sedation. The 1.5-hour small group sessions were case-based discussions designed to reinforce and apply the material from the didactic sessions. Enabling methods included the introduction of a procedural sedation record. Members of the Divisions of Pediatric Critical Care, Anesthesiology, and the Drugs and Therapeutics Committee at the Hospital for Sick Children developed a sedation pocket card to reinforce and review lessons. Those attending the course were asked to fill out an evaluation to assess teaching effectiveness and course content.
Using computer generated random numbers, participants were randomly allocated to either a self-study or a formal teaching group. All participants received the sedation learning package with clearly defined learning objectives and were asked to study the material. Those assigned to the self-study group (group 1) received no formal teaching, while those in the formal teaching group (group 2) attended a 4-hour, multifaceted sedation course. Prior to the assessment date, participants were unaware of their assigned group. Both groups took the same 30-item, 45-minute, closed-book multiple-choice examination ( Figure 1 ).
Assessment tool: multiple-choice examination
To ensure content validity of the test items, we used a representative collection of items and a "sensible" method of test construction. 30 Test questions corresponding to each objective were composed by course faculty or modified from other published sources on pediatric sedation. There was at least one action item and one concept item question corresponding to each learning objective. The action items corresponded as closely as possible to the practice behaviour that the program was designed to promote. Course faculty members reviewed all the test items. The test was piloted on volunteer, third-year pediatric residents at the tertiary care institution to ensure item difficulty and discrimination. We compared the multiple choice examination scores of the 2 groups.
We conducted a pilot study with the first 9 physicians in each group. We calculated the mean scores and standard deviations (SDs) of the 2 groups to determine the sample size needed to achieve a power of 0.8 with an alpha of 0.05, 2-tailed. Based on this data, only 9 physicians in each group were needed to achieve a statistically significant difference between the 2 groups. However, 24 physicians were enrolled in each group to account for potential dropout and to obtain adequate evaluation of the course.
Data analysis
We calculated mean, median and range of multiple choice exam scores for both groups. We used a Wilcoxon 2-sample test, as opposed to a a t test, to compare the exam scores of the 2 groups because the assumption of normality was not verified. We also compared exam scores by subgroup (ED staff physicians compared with trainees), by level of subspecialty training (pediatric emergency medicine subspecialty training compared with other subspe-cialty training or no subspecialty training) and for years of clinical experience in the ED. We used Cohen's d to calculate the effect size.
Results
There were 51 physicians eligible for the study; however, 2 weeks before the assessment, 3 physicians who had agreed to participate had not received their course material and were therefore excluded (see Figure 1) . Table 1 shows that there were 24 physicians with similar baseline characteristics in each group. Most were staff emergency physicians (54% in the self-directed group, compared with 62% in the formal teaching group), although a minority had emergency subspecialty training, reflecting the recent emergence of the pediatric emergency medicine subspecialty in Canada. Of participants in both groups, 79% had been in clinical practice for less than 10 years. Both groups indicated that a sedation course would be useful to their practice (100% in the self-directed group, compared with 92% in the formal teaching group) and most participants indicated a need for greater knowledge about pediatric sedation (79% in the self-directed group, compared with 54% in the formal teaching group). Overall, only 8% of participants indicated that self-directed learning was their preferred method of learning. Table 2 summarizes both groups' examination scores, showing that subjects in the formal teaching group scored significantly higher (p < 0.0001). The median and mean examination scores of participants in the self-study group were 73.3% (range 43.5%-86.6%) and 71.1%, SD 11.6, respectively. The median and mean examination scores of participants in the formal teaching group were 83.3% (range 75.8%-96.5%) and 85.5% SD 5.76, respectively. This is shown graphically in Figure 2 . An effect size of 0.6 was calculated from Cohen's d of 1.52, which indicates that the percentage nonoverlap between the 2 groups was 38.2%.
There were no significant exam score differences between staff emergency physicians and trainees (p = 0.83), between physicians with emergency medicine subspecialty training and no subspecialty training or other subspecialty training, or based on years of experience in the ED (see Table 3 ). There was no significant difference in examination scores based on sex.
Discussion
This study suggests that a multifaceted sedation course was more effective at improving physicians' knowledge of pediatric sedation guidelines and practices than selfdirected learning. The success of this sedation program was based on several factors:
• to ensure compatibility with the learning needs of the target audience, prior to the study we completed a careful needs assessment; • the learning objectives were clearly outlined at the beginning of the course; • the sedation course was developed using evidence-based educational strategies and was based on adult learning principles; • the multifaceted intervention applied predisposing methods (including didactic lectures and small group caseMarch • mars 2007; 9 (2) CJEM • JCMU 97 based discussions), enabling methods (a sedation flow record) and reinforcing methods (a sedation pocket card for easy reference); • course material was carefully prepared to ensure it was practical and relevant to the learning needs of the target audience; • to ensure that practitioners had confidence in the recommendations, we consulted local opinion leaders about guideline development and dissemination processes; • prior to the study, we used surveys and focus groups to identify increased knowledge of sedation practices and guidelines as important and relevant to the target audience; and • an active approach to guideline dissemination (i.e., development of a sedation course) ensured that the practitioners had the equipment and skills needed to implement the guidelines.
Physician learning strategies
Increasingly, physicians are being asked to demonstrate clinical competence. Multiple-choice examinations are commonly used as measures of competence for high-risk clinical scenario. Procedural sedation in the ED is considered a high-risk procedure because it has the potential to result in serious adverse events. Courses, such as the Pediatric Life Support Course (PALS) from the American Heart Association and the Advanced Pediatric Life Support Course (APLS) from the American Academy of Pediatrics and American College of Emergency Physicians, support the use of multiple-choice examinations with minimum pass scores to obtain certification. In addressing the need to increase clinical competence, physicians most often choose to learn by individual reading; however, when the focus involves technical, procedural or communication skills, physicians are more likely to choose formal CME. 31 In this study, the formal CME event might have been perceived as a more practical, efficient and effective method of learning highly desirable information. Unlike other CME events that are generally designed to meet the broad needs of individuals, this event was developed based on the specific needs of the target audience. We provided in-depth learning of emergency procedural sedation along with case-based scenarios that were directly applicable to practice. The clinical decision models included options to broaden the applicability of the clinical practice guidelines to individual practice.
Guideline implementation
Improved knowledge of sedation practices and guidelines will ultimately improve the quality of ED care by reducing complications and improving patient satisfaction. However, successful implementation must also include strategies to facilitate the adoption of improved practices. [32] [33] [34] [35] Ockene and colleagues demonstrated that education alone is insufficient for implementing guidelines. 36 Strategies, that enable clinicians to implement the recommended clinical processes and reinforce their use, are needed. Clinical systems and procedures that will aid in this process include patient tracking and provider reminders. Although we introduced measures, such as the procedural sedation record and sedation pocket cards, chart audits and feedback to monitor physician compliance and health care outcomes are currently being evaluated.
Study strengths
The self-study group was randomly selected from the study population and we assumed it was similar to the formal teaching group. Participants were unaware of their group allocation until the day of assessment, at which time they either participated in the course or wrote the multiple-choice examination. As a result, participants in both groups had equal opportunity to review the course material. Participants randomized to take the course all had the same instructors, ensuring that all participants were exposed to the same information during the course. We made every attempt to ensure construct and discriminate validity of the examination. Examination questions were based on the learning objectives and measured knowledge and understanding of sedation guidelines, as well as problem solving and decision making skills in clinical scenarios. 
Limitations
The examination was not designed to determine predictive validity, although further studies may determine its effect on future examinations or physician performance. Although competence may not be guaranteed by a multiplechoice examination, it does measure knowledge transfer, which is a prerequisite for professional competence. We did not ask participants to record how much time they spent reviewing the study material before the assessment. It is conceivable that the self-study group spent less time reviewing the material due to an unperceived knowledge gap. In addition, although it is conceivable that the formal teaching group simply had more knowledge of sedation, we believe that the study participants were a relatively homogeneous group of physicians with experience in the ED and exposure to the same sedation practices.
This study did not analyze the effect of repeatedmeasurement testing because we did not administer a preand post-test to the same individual. A pre-test in the formal teaching group could result in the recall of items in the post-test rather than knowledge gained in the educational intervention. The physicians in this study were from a tertiary care centre and are more accustomed to regular formal teaching sessions. Physicians in the community setting may be more isolated and thus may be more motivated to undertake self-directed learning, which may affect the generalizabililty of our results to other populations.
Despite excellent course evaluations and a significant improvement in physician knowledge of sedation practices following the sedation course, this may not necessarily translate into change in physician behaviour or patient outcomes. Evaluation of behaviour involves the transfer of learning to the workplace. Future studies will focus on change in physician behaviour in adhering to sedation guidelines.
Conclusion
The multifaceted sedation course was more effective in improving physician knowledge and understanding of sedation guidelines and practices than unstructured selfdirected learning.
